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By K. R. Vincent,S. C.Euntley
andH. D.Wilsted

SUMMARY

The internaldragof an axial-flowturbojetenginewiththerotor
lockedinplaoetopreventwindmillingandwiththeenginewindmilling
wasobtainedinan altitudetestohaznberover a range of stiulated
fltghtMachnumberfranabout0.3to 0.8at an al.titudeof 5000feet.
Theinternaldrag(correct~to sea-levelconditions)oftheenginewith
thelockedrotorwasabout200pounds,or onlyU percentofthewind-
millingdrag,ata fliglrt.Maohnmuberof 0.8,andwaaabout30pounds,
or41percentofthewindmillingdrag,at a flightMach~umberof 0.30.
Inadditiontothesedragreductions,theairflowwiththerotorlocked
w= approximate=33peroentofthatwiththeenginewindmilling.

INTRODUCTION

In orderto evaluatethecharacteristicssndhazsxdsassociatedwith
theo~erationofturbojetaircraft,thereshouldhe knawn,in siiditionto
engineperformancechsracteristios,theinternaldragcharacteristios
whentheengineis inoperative.Forexample,anairOraftmayC-Y
inoperativeturbojetenginesbecauseof enginedsinageorforreservepower
forhigh-speedflight.Tominimizethedragof suchinoperativeengines
wouldbe tiesirable,of tourse. Thedragoftheengineinstallation,
cons ist ing ofboththeinternalandexternalaerodwac drag)mayd~fer
dependingonwhethertheengineiswindmilling,therotorislookedin
POSition,orairfluw*tiou@theengineiS c~p~ete~ blockedby ~ am
inletdoor. Forno airflowthroughtheengine,theinternaldragwould
of course be zero.However,an increaaeinsPil@e orah fl~ outover
thesurfacesoftheinletdiffuserW theexternalaerodynamicsurfaces
maygreatlyincreasetheexternalairoraftdrag.

Windm311ingdragcharacteristicsoftwoaxial-flowenginesweredeter.- .-
minedinpreviousinvestigatio~~ad =e repo~edinreferenc~1 afi20
Reference3 containsa generalizationofwindmi.llingcharacteristicsfor
severalturbojetandturbine-propellerengines.Intheinvestigationmade —
attheNACAL*s la~ratoryendrepotiedherein,theinte~al@ag =d ‘ —
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airflowweredeteminedfor an axial-flow enginewiththerotorassem%ly
lockedinplacetopreventrotation.Thisdragwasthenccmrparedwith
theinternal.dragfortheenginewindmilling.Thisinvestigationwas
oonduc~edata stiulatedaltitudeof5000feetovera rangeofflight
Maohnum%erfromabout0.3to 0.8.

AH’.ARATUS

En@ne

A conventionalaxial-flowturbojetengtiewasusedforthis
investigation.Theengtiehadan eleven-stageaxial-flowc7ruyressor,
a doubleannularcomlustor,anda two-stageturbine.Ratedthrustof
theengineat staticsea-levelconditionswasappro-tely 3000
poundsatan engines~eedof 12,500rpm. we en@nehada frontal
areaof slightlyover~ squarefeet.

..

Forpertofthisinvestigation,theenginerotorwaslockedto pre-
ventrotationby insertinga ~etalstrapthatwasfixedatoneendto the--
upstreamflange@ thetailconeandattheotherendto theboltson’the
turbinewheel.ThestrapwaEtwistedso esto presenta ?ninimumfrontal
areato thefluw. Theenginewasinstrumentedwithpressureandtemper-
aturesurveyrskesattheinletandoutletof eaohcomponentthroughout
theengine.

AltitudeFacilities >
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Theenginewasinstalledinan altitudechemherwhichis Illustrated
infigure1. Thechaniberis10feetindi&m6terand60feetinlen@h
andisdividedintothreecompartmentsby steelbulkheads;theinlet
section,theenginecompartment,andtheefiaustsection.Theengine
wasmountedintheenginecompartment,withthetailpip,eextending
throughtherem bulkheadintotheefiaustsection.

Dryrefrigeratedaircan%e suppliedtotheinletsectionofthe
altitudeche.uiberat temperaturesfrom-70°tb 0°F. Drycomb,ustlonalr - -
mayalsobe obtainedat a temperatureof 65°F. Controloftheinlet
airtemperatureis‘o%tain@bymixingthesetwosupplies.Thegases
dischargedfromtheefiaustnozzleoftheengineexeremovedfromthe
etiaustsectionofthealtitudeohabert@ougha diffusingelbowand
coolersbymeansofthe laboratoryefiausters. -m
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PROCEDURE

Thedestiedflightconditionswereset

3

to correspondtoNACAstan-
dardatmospheric.conditionsassuming100percentrempressurerecovery.
Thesesettingswereaccomplishedby adjustingthestsgnationortotal
pressureandtemperatureintheinletsectionofthealtitudechamberto
correspondtotheperticulaflightconditionbeinginvestigated.Simul-
taneouslythestaticpressurecorrespondingtotheshulatedaltitude
wasmaintainedinthee~mst section.Alldataincludedherefnwere
obtainedat a stmulatedaltitudeof 5000feetatflightMachnurnlers
fromabout0.3to 0.8. Aftereachflightconditionwasestablishedand
theairflowor enginespeedstabilized,thepressuresandtemperatures
throughouttheengineflowsystemwererecorded:

Airflowwascomputedfrczupressureandtemperaturemeasurementsat
theengineinlet.TheInternaldr~ wascomputedestheclifference
betweenthefree-streammomentumof theengineah, besed on complete
remrecoveryattheengineinlet,andthemomentumattheetiaust-nozzle
outlet,determinedfromthetiaust-nozzlepressureandtemperature
5urvey.

RESULTSANDDISCUSSION
.

Correcteddrag,correctedairf10w,andcorrectedcomponentpres-
sures,whichareplottedasfunctionsofflightMch numberinfig-
ures2 to 4,havebeengeneralizedbymeansoftheconventionalcorrec-
tionfactors5 and e. Thefactor5 isdefinedestheratiooffree-
stresmstaticpressureto stand@ sea-levelstiticpresswe~am 19
isdefinedas theratiooffree-streamstatictemperatureto sea-level
standardtemperature.Presen%ingthegeneralizeddatainthismanner
givesvaluesequaltotheactualdragandairflowatstandardsea-level
conditions.

Thecorreoteddragwiththeenginewindmillingandthatwiththe
rotorlockedarecomparedinfigure2 fora rangeofflightMachnmgber.
OvertherangeofflightMachnunlberinvestigated,thedragofthelocked-
rotorenginewaslessthenhalfthatofthewirxlmillingengine.At a
flightMachnuxiberof 0.3,whichis inorslightlyabovetheregionof
twe-off speeds,thedragof theIock@-ro*or~ginew= 30Po~A~~ which
was.onlyabout41 percentofthatforthewindmillingengine.
flightMachnuder of 0.8,thedragofthelocked-rotorenginehadrisen

* to 203pounds,butwasstillonly44percentofthatforthewindmilling
engine.Intermsofdragpersquarefootoffrentalareaoftheengine,
the200poundsdragrepresentapproxhuately5.6poundspersqxu?efoot.

.

Theprs reasonforthelowerdragwiththelocked-rotorengine
isthelowerairflowshowninfigure3. Thecoi’rectedairflowforthe
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locked-rotorenginewaashout33peroentthatofthetindmillingengine
throughouttherangeofflightJ4achnuniber’investigated.However,the - -
totalpressureattheexha~tnozzleofthewindmillingengineweE ‘“ ‘- “-”
slightlya%ovefree-streamstaticpressure,whereastheetiaustnozzle
~totalandstatiopressureswereessentiallyequalforthelocked-rotor
engine(seefig.4). Consequently,a smallamountofthefree-stream
momentumoftheairwasrecover-edattheexhaust-nozzleoutletofthe
windmi.llingengine,inmostcssesaboutone-thirdof.thefree-stream .$
momentum,whereasessentiallyallthefree-streemmom”ntumwssabsorbd
wtthln thelocked-rotorengine.

It isevidentfromthesedatathattheconsiderablyhigherfree-
streemmomentumforthewindmlllingengine,duetothehigherairflow,

—

isthefactorwhichresultainthemuchhigherinternaldragofthewind-”‘ “’
milllngengine.Thiseffectistemperedto a smalldegree%y themomen-” .-
tumrecoveredintheexhaustnozzleof.thewindmillingengine.

SUMMARYOFHE5ULTS

Comparisonoftheexper%ntallydetetinedl~ked-rotorandwifi-
millingcharacteristicsofanaxial-flowturbo$etengineshowedthe , . ““‘‘“-”””
folluwingresults:

!
1. Theinternaldragofthelocked-rotorenginewasconsiderably

lessthenthatofthewi-lllingengine.At sea-level00nd.i+ionsah
a flightMachnumberof0.3,theinternaldragof.thelocked-rotorengine
was 30poundsati-at0.8Machnunberwas200pounds,smountingto 41 and ..-

44 percent,respectively,of tiedragofthewin~lllingengine”

2. Throughouttherangeoffli@t ~“chnumberinvestigated,the
correctedairflowforthelocked-rotoren@newasapproximately33 per-
centofthatforthewfndmillingengine. .\

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio ...._..~

REFERENCES

1. Meyer, Cal L., andBl~er~ wry Et: Altitude+ind-TunnelInvesti- ~
gationofperformanceandWlndmlllingDragcharacteristicsof
Westin@ouseX24C-4BAxial-FlowTur%ojetEngine.NACARME8J25a,- ““‘“’
1948. ‘a-

%EmmEm2-



NAC!AFiME51KL5; 5

2. Wikted,H.D.,andArmstrong,J. C.: IX’feetofFuelVolatilityon
AltitudeStartingLimitsof a Tt@ojetEngine.NACARM E5@10,1950.

3. Wanner,LewisE.,andWelna,Hem J.: GeneralizationofTurbojet
andTurbine-I&opellerEnginePerfomnanceinWindmillingCondition.
NACARM E51J23,2.951.



al

I- Air hl.ettit

Figure1. - Altltude ckmbm tith turbqlet _ Inatdld in test sectlcm.



603-

Rotor

o UiJlamiu.ing
❑ La.ked

500

m
a 400

i!

i“ 3m

&
m’

‘1 200 / .n
~ o

> ~
/

lLMI

JJ-
J/

//”
/

/“ a .--u---
L-- e ---- 1

0 .1 .2 .3 .4 .5 .6 .7 .6
Fll@t. I&@ number, ~

Fiv 2.-Ccqparison of corrected internal drag chmacteristics of winddlMng m locked-
mtor turbojet engines.

i+’

4



.
I

301

Rotor

25

0$
>
4 20.
~
5
z=”
.

$ 15

3
e
$“
: IQ
k

---

~ (
/

/
~ D*

5‘ ./’ r/

/
/ l-+~

..-~ #/----4--
/ __ ---/ .- 1

0 .1 .2 .3
1

.4 .5 .6 .7 .8
Fll@t Mmh number, B$

F1.glre 3. - Comparison of corrected air flom of locked-rotor ad ~ turbojet engines.
.

0)

I

* > OFPz
,., Ii1



t , t

Cmmsmr. Burner mn’b

3400 1
/

s 6 7 E

m pipe.
I

Eozsle

I / “

~ m F

\

3204— — —

(

— -i
1111 1111

/ .

i
\
\

?ll@t ma

\. .
number,~

c 3COI o 0.29

:
<<

\ 1 , n ,40

a
b

\ v’%!

a’ \ \ o .70

3 \ \. & .al

28W

j

\ \

2 7
E ,\,\
$ 2600 \ \
$ \ \

~
a, \ \,, \

E
\\g 2400 t.%.
‘h.

K<
(k .--. .

am
Ambientmam

20W . . & R 67 B. .
Eidon l.xatim

-,

(a) ‘LdBa-ratcmtw’w~ =@m.
Hgtue 4. - Iutarna3 PremSUTO mtitlti uit.hm.ry5ns fl.i@t W mdxa’.

,,. .
,, ~“ ,, , 1, .“

,.
;, ,V.

,

UJ



+--

-1,

S%lcm lc-ca”a
orn

(b) ~ twxbojet en@R.

Fig.lre 4. - C5mll&l. Intan81 prmsllra Vmrhtimlnwith Va.@lg g ~ ~.

,,, !, 1


